We present the results of thermodynamic analysis of Cu-Al-Zn ternary system, which belongs to a group of copper-based shape memory materials. A general solution model was used for calculation of thermodynamic properties in the temperature interval from 1373 to 2173 K, in sections from Cu, Al and Zn corner, respectively, with following ratios of 1:3, 1:1 and 3:1. Additionally, based on the obtained results, ternary interaction parameters were determined using Mathematical Modeling System (MLAB). [22] [23] [24] [25] . The phase diagram of Cu-Al-Zn system, due to technical importance, had been investigated in a number of studies and many reviews of experimental data have been conducted. A detailed review of this data was presented by Liang and Chang [26] . However, a serious lack of thermodynamic data on this system is noticeable in the literature. Using the electromotive force method, Sebkova and Kubicek [27] measured activities of Al in Zn-rich liquid alloys at 700, 750, and 800 °C, and their results showed a positive deviation from ideal behavior. Using the isopiestic method, Sugino and Hagiwara [28] measured the activities of Zn in Cu-rich liquid alloys at 1100 and 1150 °C. Their data show positive deviation for Zn in Cu-rich liquid alloys. Van et al. [29] determined thermodynamic properties of ternary Al--Cu-Zn alloys containing 25 to 62 at.% Al by electromotive force method, between 420 and 920 °C. From EMF values, activities of Al for three quasi-binary sections (x Cu /x Zn = 7/3, 1, and 3/7) at 850 °C were determined, and negative deviation from ideal behavior, more pronounced at high x Cu /x Zn ratios, was observed. Within computational phase studies of quaternary Al-Cu-Mg-Zn system, Seifert et al. [30] calculated isothermal section at 673 K for Cu-Al-Zn system (Figure 2) .
Alloys belonging to ternary Cu-Al-Zn system are interesting to researchers because their field of application is growing. These materials, mostly used like Cubased shape memory materials [1] [2] [3] [4] , have also found application in catalysis [5] [6] [7] , electronics [8] and production of metal matrix composites [9] . Research studies have mainly been focused on different aspects of martensitic transformation [10] [11] [12] [13] [14] [15] [16] and shape memory effect [17] [18] [19] [20] in Cu-Al-Zn alloys. Corrosion behavior [21] , microstructure and mechanical properties of Cu--Al-Zn alloys have also been investigated [22] [23] [24] [25] . The phase diagram of Cu-Al-Zn system, due to technical importance, had been investigated in a number of studies and many reviews of experimental data have been conducted. A detailed review of this data was presented by Liang and Chang [26] . However, a serious lack of thermodynamic data on this system is noticeable in the literature. Using the electromotive force method, Sebkova and Kubicek [27] measured activities of Al in Zn-rich liquid alloys at 700, 750, and 800 °C, and their results showed a positive deviation from ideal behavior. Using the isopiestic method, Sugino and Hagiwara [28] measured the activities of Zn in Cu-rich liquid alloys at 1100 and 1150 °C. Their data show positive deviation for Zn in Cu-rich liquid alloys. Van et al. [29] determined thermodynamic properties of ternary Al--Cu-Zn alloys containing 25 to 62 at.% Al by electromotive force method, between 420 and 920 °C. From EMF values, activities of Al for three quasi-binary sections (x Cu /x Zn = 7/3, 1, and 3/7) at 850 °C were determined, and negative deviation from ideal behavior, more pronounced at high x Cu /x Zn ratios, was observed.
Based on the descriptions of its three constituent binaries and ternary experimental data available in the literature, Liang and Chang [26] developed a thermodynamic description of the Al-Cu-Zn system ( Figure 1 ). [26] .
Within computational phase studies of quaternary Al-Cu-Mg-Zn system, Seifert et al. [30] calculated isothermal section at 673 K for Cu-Al-Zn system (Figure 2) .
A thermodynamic description of the Cu-Al-Zn in the copper-rich corner was also done by Miettinen [31] . The objective of this work is to complement the knowledge of the thermodynamic properties of Cu-Al--Zn ternary system, due to a noticeable lack of them in the literature.
THEORETICAL FUNDAMENTALS
There are many methods for the calculation of thermodynamic properties of ternary systems based on information about constitutive binary systems. Chou's general solution model (GSM) [32] has been proven to be the most reasonable one in all aspects among available geometrical models. This model breaks down boundaries between symmetrical and asymmetrical systems and generalizes various kinds of situations, but also completely excludes any human interference in the calculation process. Precision of this model has already been proved theoretically and the accuracy of calculation has also been shown in some practical examples [33] . Therefore, this model is utilized for calculating the thermodynamic properties of Cu-Al-Zn ternary system. The basic equations of the general solution model are given as follows: The ternary interaction coefficient, f 123 , is related to the Redlich-Kister ternary interaction parameter [32] , so it can be written in the form:
with a temperature dependence taken as:
where v L ijk are the Redlich-Kister parameters for the ternary system ijk; and x i is the mole fraction of component i.
In all given equations, ΔG E and ΔG E ij correspond to the integral molar excess Gibbs energies for ternary and binary systems, respectively, while x 1 , x 2 and x 3 correspond to the mole fraction of components in investigated ternary system.
Basic thermodynamic data on the constituent binary subsystems Al-Cu, Cu-Zn and Al-Zn, needed for calculation of thermodynamic properties in the investigated Cu-Al-Zn system, were taken from references [34] [35] [36] .
RESULTS AND DISCUSSION
For the purpose of further calculation, basic thermodynamic information on the constitutive subsystems in the Cu-Al-Zn system was taken from references [34--35] , and presented in the form of Redlich-Kister parameters in Table 1 .
Ternary Cu-Al-Zn system has been investigated in 9 sections (Figure 3 ). Sections were taken from Cu, Al and Zn corner, respectively, with ratios 1:3, 1:1 and 3:1, and with molar content of 0-0.9 for the third component. 
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and
The calculated integral molar Gibbs excess energies, ΔG E , and activities of the investigated system Cu-Al-Zn, along selected sections and at given temperatures, are presented in Figures 4-6 . All thermodynamic properties calculated in this work are related to the liquid phase.
Calculation of thermodynamic properties for ternary system Cu-Al-Zn was performed using the general solution model. The values for excess integral Gibbs energy of investigated sections from the corner of aluminum and zinc were negative, with minimum values up to -15 kJ/mol, while for the investigated section from the corner of copper Gibbs energy was between 3 and -15 kJ/mol. Also, it was noticed that the value of copper activities show pronounced negative deviation from Rault's law for all investigated sections. For aluminum activity, variable character of deviation from Rault's law is characteristic for all investigated sections, deviation is negative up to x Al = 0.8, and for section Cu:Zn = 1:3 values of aluminum activities are near to ideal solution. Zinc activity shows a positive deviation from the Rault's law for all three investigated sections, but it can be noticed that with increase of copper contents in alloy, this derivation is decreasing, and for section Cu:Al = = 3:1 zinc activities are near ideal conditions. From this it can be concluded that zinc content increase in the alloy reduces the miscibility of alloy components.
Additionally, aluminum activity values at T = 1123 K were calculated and compared with available literature data [29] (Figure 7 ). Data obtained analytically and experimentally show good agreement.
Ternary interaction coefficients f 123 were calculated using Eq. (3), in the temperature range 1373-2173 K, (5) . The process of fitting was performed using the MLAB program [37] and the results are presented in Table 2 . [29] .
Although the common way to obtain the ternary interaction parameters is the optimization based on the experimental data from literature, it could be also done using the estimation method, without applying experimental data [38, 39] .
CONCLUSION
Calculation of thermodynamic properties of the Cu--Al-Zn system has been done using the general solution model. Redlich-Kister ternary interaction parameters were obtained for investigated system in the temperature interval from 1373 to 2173 K. Presented thermodynamic data for the Cu-Al-Zn alloys could be useful for the further assessment of this system and its phase diagram as well as for completing thermodynamic description of these alloys. 
